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■n-lE  FREEZING  RISK  FOR  NATER  MAINS  IN  FROZEN  GRG'JIID 
By:  Professor  Lars-Eric  Jansor. 

Introduction 

Beginning  with  the  computational  methods  given  in  publications  (1)  and 
(2)  in  the  comipilation  below,  '/3B  Vattenbyggnadsbyran  conducted  research  in 
Autumn  1969,  under  a Ccr.m.ission  from  AB  Eternitror,  Varberg.  The  result  was 
the  "Instructions  for  Computing  the  Laying  Depth  of  Double  Eternit  Pipes  v;ith 
an  Intermediate  (space)  Insulation  of  Polyurethane  Foam".  In  the  Autumn  of 
1971  V33  was  requested  to  establish  a program  with  descriptions  for  an  experi- 
mental plant  for  field  studies  of  the  freezing  risk  for  a water  main  insulated 
as  indicated  above. 

Compilation  in  the  introduction: 

1.  Jansor.,  1.  E.  (1963),  Tjaldjupet  i Sverige.  (Frost  Depth  in  Sweden), 
Information  from  the  State  Natural  Conservation  Depart.meno,  3);v,  VU. 

2.  Jansen,  L.  E.  (1969),  Laggningsd jup  for  vattenledni.ngar . (Laying 
Depth  for  Water  Mains),  Publication  of  the  Swedish  Water  and  Drain  Association, 
7AV,  ?l;. 

3.  '/33  Research  as  given  above,  dated  3 November  1969. 

Purpose 


Cne  purpose  was  experimentally  to  pin-point  the  risk  of  freezing  for 
insulated  and  uninsulated  Eternit  pipes  according  to  (1)  and  (2).  Another 
purpose  was  to  check  on  the  validity  of  the  general  calculation  found  in 
(3).  Ihe  study  was  mainly  concentrated  on  verifying  equations  1 and  2 in 
(2). 
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All  of  the  symbols  have  the  sa.me  meani.ng  as  in  (2),  namely: 
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A — X/ln  (2  h/rju) 

B = X’/ln  (nuAii) 
is  iJh  = - — h) 


■d 


t 


C = the  specitie  heat  of  the  water,  kcal/kg^C 

o 

G'  = the  ground  te^.perature  gradient,  C/k 

h = the  laying  lepth  coir.puted  to  the  center  of  the  pipe,  n = H in  (3) 

L = length  of  nain,  k~ 

G'  = daily  mean  during  the  winter  season  for  flow  in  the  main,  l/s 

r. . = the  internal  radii  of  the  insulation,  m 
11 

r.  = the  external  radii  of  the  insulation,  m 

lU  ’ 

r = the  external  oioe  radius,  m 
>-  = temperature,  C 

A 

: the  ground  temperature  at  the  depth  of  the  main  without  the  effect 
of  the  heat  released  by  the  main, 

= the  water  temperature  at  the  main  intake,  °C  (main  temoerature  of 
the  mixed  water  in  a cross-section  of  pipe) 

n o 

t/"  = water  temoerature  at  the  main  outlet,  C (mean  temperature  in  the 

mixed  water  in  a cross-section  or  pipe) 

the  extreme  winter  value  of  the  sine  curve  which  has  a symmetrical 
axis,  with  the  mean  annual  temperature,  includes  a cold  mass 
between  the  frost  line  and  that  part  of  the  sine  curve  which  runs 
below  this  line  (mean  annual  temperature  for  'Jmea  is  +3.i’^C) 

water  temperature  in  the  pipe  crown 

heat  conductivity  index  for  the  type  of  soil,  kcal/mh'^C 

a'  = the  heat  conductivity  index  for  insulation,  kcal/mh°C 

5 = frost  depth  without  the  effect  of  the  heat  releasing  flow  in  the 

water  main,  C = in  (3). 

According  to  the  international  system  of  units  (31)  the  heat  conductivity 
number  is  given  in  W/mK  and  the  specific  heat  in  Ws/kgK.  The  following  are 
valid  for  com.putaticn : 

1 kcal/mh'^C  = 1.16  W/mK 
1 kcal/kg°C  = U 190  Ws/kgK 

Experimental  Plant 

The  experimental  plant,  which  is  located  at  the  Forlunda  Waterworks  in 
Umea,  has  been  set  up  according  to  the  program  and  descriptions  in  all  essen- 
tials. Thus  two  parallel  Eternit  NTIO  pipe  mains  200  mm  in  diameter,  and 
106  m long,  were  buried  50  cm  deep,  measuring  to  the  pipe  center.  One  of 
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the  mains  was  insulated  with  cellular  plastics  (polyurethane) , protected 
against  humidity  and  mechanical  damage  by  an  outer  pipe  with  a diameter  of 
300  N'T  7.5.  Tne  pipes  are  5 m apart.  At  each  pipe  intake  and  outlet  sensors 
were  installed  to  record  the  intake  and  discharge  of  water,  as  well  as  to 
read  the  temperature  gauges.  Sensors  for  temperature  gauges  'were  mounted  in 
a measuring  section  3 ^ from  the  end  of  each  pipe,  and  frost  meters  were  also 
placed  there.  'Die  position  of  the  meters  and  their  designations  can  be  seen 
in  the  apparatus  plan.  Figure  1. 
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Figure  1.  Plan  of  experimental  plant. 

The  main  symbols  chosen  for  the  .measuring  points  are  TO  (inflow,  uninsulated 
main),  UO  (discharge,  uninsulated  main),  TI  (inflow,  insulated  main)  and  UI 
(discharge,  insulated  main).  An  area  of  about  21  X 1C6  m remained  free  of 
snow  throughout  the  '.-/inter. 

Temperature  gauges  were  placed  both  inside  and  ■-'Utside  the  pipes,  as  can 
be  seen  in  Figures  2,  2,,  and  5.  The  gauges  are  100  mm.  long  and  10  .mm  in 
diameter,  and  are  of  the  same  resistance  type  as  used  in  (1),  i.e.,  are  made 
of  a copper  coil  -with  Rq  ^ 35  oh.ms  at  9°C.  The  same  measuring  bridge  and 
the  same  calibration  method  was  also  used,  meaning  a maxi.mum  error  of  ±^^.1^0 
in  temperature  readings. 


The  -water  in  the  main  was  taken  from  the  main  water  line  leading  to  the 
city  (the  -waterworks  with  artificial  infiltration),  at  an  almost  constant 
water  temperature  during  the  '//inter  of  about  +5.5'^C  in  the  inlet  to  the  experi 
mental  plant.  After  passing  into  the  plant,  the  water  is  conducted  to  an 
infiltration  tank  situated  downstream. 

The  ground  -within  the  area  consists  of  a layer  of  homogeneous,  somewhat 
silty  sands,  in  contact  with  the  heaters,  eight  analyses  of  the  sample 
(translator's  note:  literally,  ore)  measuring  sections  show  little  variation. 

The  water  retaining  capacity  of  the  ground  with  free  drainage  amounts  to  about 
6%  by  weight  of  the  dried  substance.  The  mean  dry  density  in  the  main  ditches 
was  measured  with  a cylinder  volume  meter  after  they  were  filled  in  and 
was  about  l.U  t/m^.  According  to  (1)  (Figure  3. *‘.2  and  Figure  3.4.1,  re- 
produced as  Figure  6)  the  heat  conductivity  index  for  the  frozen  ground  is 
0.7  kcal/m  h°C  and  is  0.5  kcal/m  h°C  for  unfrozen  ground. 


oross-sectioa 


Figaro  2.  Intake,  uninsulated  rr.ain  (TO).  Placer.ent  of  ter.perature  gauge  and 

frost  limit  meter. 
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Figure  3.  Cutlet,  uninsulated  main  (UO).  Placement  of  temperature  gauges 

and  frost  limit  meters. 
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Figure  ii.  Intake,  insulated  nain  (TI).  Placement  of  temperature  gauges  and 

frost  limit  meters. 
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Figure  5.  Outlet,  insulated  main  (UI).  Placement  of  temperature  gauges  and 

frost  limit  meters. 

All  ground  levels  significant  for  the  measurement  were  calibrated  and 
related  to  the  common  reference  plane  of  the  means  running  through  the  centers 
of  the  pipes.  Both  the  means  and  the  ground  surface  above  inclined  10  cm 
from  tne  intake,  meaning  a constant  flow  level  along  the  entire  measuring 
section . 
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Figure  6.  Heat  conductivity  index  according  to  (1), 
Research  Results 


The  experimental  plant  was  built  in  October  1971  and  started  up  for  the 
'.•(inter  season  on  22  Ilovernber  1971.  Research  was  continuously  conducted  until 
15  May  1972,  with  special  shutdown  research  conducted  on  3 - 3 March  1972. 

Frost  li.m.it  .meters  and  the  ’water  (flo'w)  meters  were  read  once  a ’week,  at 
whion  time  sno'w  clearance  ’was  checked.  The  air  temperature  and  the  atmospheric 
humidity  'were  obtained  from  the  waterworks  through  automatic  recording  'with  a 
thermograph . 


All  measured  values  were  processed.  In  view  of  the  air  temperature,  'whose 
distribution  in  time  is  shown  in  Figure  7,  one  can  state  that  the  Winter  of 
1971  - 1972  must  be  considered  fairly  normal  in  regard  to  the  amount  of  cold. 
Thus  the  amount  of  cold  amounted  to  1060°C';'^^ile  the  mean  or  maximum  amount 
of  cold  at  Umea  amounted  to  300  and  l600°C-days.  However,  the  fact  that  the 
'.Vinter  -was  not  especially  cold  did  not  play  a significant  role  for  research 
urposes  since  the  laying  depth  'was  set  with  exceptional  moderation  simply 
o protect  against  a .milder  research  winter,  i.e.,  to  50  cm  measured  from 
the  surface  of  the  ground  to  the  center  of  the  pipes. 
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The  extent  of  snow  cover  outside  tne  researcn  area  is  given  in  rigure  7. 
The  ar.cunt  of  snow  during  tr.e  research  '.-/inter  can  be  considered  quite  normal. 

T'ne  frost  depth  within  the  sneasurerr.ent  section  area  at  the  intakes  and 
outlets  is  shown  in  Figure  8 for  the  uninsulated  mains  and  in  Figure  9 for 
tr.e  insulated  .m.ains.  The  figures  also  show  the  ti.m.e  variation  in  water  flow 
in  the  m.ains  and  the  changes  in  water  tem.perature  at  the  crov/n  of  the  intake 
ana  outlet  pipes. 


It  -was  of  special  interest  to  determ.ine  'now  the  heat  released  by  the 
uninsulated  m.ains  at  the  inlets  (TC),  -where  the  tem.perature  of  the  .mixed  water 
is  above  +5'^C,  car.  keep  the  ground  under  the  m.ain  frost-free.  At  outlets 
(UO),  where  the  tem.perature  of  the  .m.ixed  water  is  considerably  Ic'wer  because 
of  the  coding  of  the  water  duri.ng  passage  through  the  .mains,  the  frost  line 
is  also  lowered.  Tnis  was  especially  obvious  during  the  shutdown  of  3 - ^ 
March,  since  the  ground  under  the  m.ains  at  the  outlets  rapidly  froze  down  to 
1.2  .m.  The  maxi.mu.m  frost  line  depth  -within  the  area  of  the  m.ains  was  sim.ul- 
taneously  1.6  m.  at  the  outlets  CdH)  and  1.35  m at  the  intaxes  (Tri).  It  can 
also  be  established  that  the  heat  released  for  the  uninsulated  mains  quickly 


tna-ws  tne  frozen  ground  both  above  and  below  the  m.ains  when  the  flew  start; 


again.  This  naturally  occurs  most  rapidly  at  the  intakes,  because  the  ground 
above  the  .mains  -was  frost-free  for  about  a .month  before  the  g.^ound  outside 
of  the  area  of  influence  of  the  m.ains  (cf.  TH)  tha-wed. 


As  expected,  the  heat  released  frori  the  insulated  rr.ain  was  extremely 
slight,  which  means  that  the  ground  under  the  main  freezes  to  ai.most  the 
sam.e  level  as  the  ground  outside  the  area  of  influence  of  the  main.  Here 
there  is  no  great  difference  between  the  intakes  and  outlets  until  the 
A.pril  thaws,  wnen  the  ground  melts  somewhat  faster  above  the  intakes  (TI) 
than  above  the  outlets  (UI). 

As  already  indicated  in  (2),  the  research  shews  that  heavy  insulation  of 
a water  main  can  be  used  only  where  the  risk  of  frost  di3loca‘‘ion  does  not 
exist,  i.e,,  in  rocks  and  where  the  soil  is  not  m.oved  by  the  frost.  Cn  the 
other  hand,  it  is  exactly  in  this  case  that  the  frost  line  is  deepest,  so 
that  a great  deal  is  to  be  gained  by  insulating  such  stretches  of  line.  In 
this  connection  insulation  appears  to  be  especially  advantageous  during 
snutdown,  as  is  clearly  shown  by  the  research.  Despite  the  fact  that  the 
ground  around  the  insulated  main  is  completely  frozen  to  a great  depth  at 
tne  beginning  of  the  shutdown,  the  line  was  able  to  remain  without  flow  for 
over  5 days  without  any  measurable  ice  form.ation  (m.easureo  by  the  pr-._,sed 
water  volum.e)  being  indicated.  Gn  the  other  hand,  in  the  uninsulated  m.ains, 
where  the  ground  was  frost-free  beneath  the  main  at  the  beginning  o:'  the 
shutdown,  meaning  a buffet  against  freezing,  ice  formation  in  the  line  a^uld 
be  detected  after  only  10  hours,  and  after  2 days  about  2%  of  the  pipe  section 
was  filled  with  ice,  with  the  formation  of  ice  in  the  top  part  of  the  pipe. 

It  should  be  noted  that  there  was  main  tolerance  for  a pressure  increase 
after  the  surplus  water  had  been  raised  to  the  top  for  measuring.  If 
freezing  had  occurred  in  a main  between  shut  valves,  the  main  'would  naturally 
have  burst  or  the  rubber  gaskets  in  the  Joints  'would  have  failed. 

As  additional  illustrations , 0°-i3otherms  in  the  measuring  sections  at 
the  intakes  and  outlets  have  been  established  for  some  different  points  of 
time  in  Figures  19,  11,  12  and  13  using  temperature  measurements  m.ade  in  the 
ground  around  the  pipe  and  the  results  from  the  m.axim.um  frost  m.easurement . 
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Figure  10.  Intake,  uninsulated  main  (TO).  Isotherms  for  0°C. 

- 9 - 


'•I 


3a  te 

Sl2 

13 

43 

i’J 

»33 

j 

39  3 

o'  ■'/i 

1 

00^5 

ajoo 

1 

0 

0 

o>oo 

1 

0093 

d.„-c 

♦ as 

/38 

- 

- 

1 

♦13 

1 

♦ 3 5 

•},-c 

I-Q7 

>•06 

-03 

;-oj 

o 

_L 

•13 

o'  </l  0044  0044  0 0 0 0 049  |00]( 


1*5*  .-  t-  - I•i4 

V|‘C  i»JJ  -49  -JJ^Q7-o:-i4  «5J 

12.  Intake,  insulated  main  (TI).  Isotherris  for  O^C. 
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Figure  13.  Cutlet,  irsulated  r.ain  CJI).  laotherr.s  fur  O'^C. 

Evaluation 


, 'Vith  t.te  aii  of  the  neaaurec!  values  for  frost  depth  C,  ground  ter.zeratore 
■ and  water  temperature  at  the  intakes  outlets  e:;uatiGns  1 and 

2 oar.  new  be  checked  by  cenputing  the  flow  This  calculated  value, 

is  then  compared  with  the  .measured  value  Q'-att*  this  purpose  a 

check  computation  was  made  on  9 February  1972,  3 March  1972,  13  I'.arch  1972, 
and  29  Xarc.h  from  which  3 .Marc.h  1972  can  be  considered  as  representa- 

tive of  the  most  sevei'e  Wi.nter  conditions.  In  accorda.nce  wit.h  the  co.mouta- 
tior.s  it  is  natural  to  use  this  condition  to  set  the  di.mensions  for  the 
entire  '.•■'inter,  -vnich  gives  a value  on  the  safe  side  for  the  rest  of  the 
'••■'inter,  -with  reference  to  the  demand  for  the  least  necessary  flow.  It  .may 
ce  added  that  it  is  puite  normal  for  the  greatest  risk  of  freesing  to  occur 
at  a point  in  time  snifted  to  about  6 'weeks  after  the  coldest  time  of  the 
year,  indicated  by  air  temperature  on  the  ground  surface. 

The  values  from.  3 March  1972  ’will  be  treated  before  the  rest  of  those 
mentioned  aoove.  These  measurements  gave  Cmed  = 1.5  m,  = -7.3°C  (te.mp- 
erature  gauges  23  and  30,  u^oe  = -11°C  (see  Figure  5.2.1  in  (1)  ) along  with 
5g  = +5. 40c,  = +2.30C,  Q'natt  = 0.200  l/s  for  the  uninsulated  mains 

and  = +5.3°0,  = -t-2. 0°C  and  " 0.044  l/s  for  the  insulated 

mains,  ''//ith  this  value  entered  in  equation  1 and  with  L = 0.1  km  and  X = 0.5 
kcal/m  h’^C  (the  ground  taken  as  unfrozen)  Q'^gr  " 0.l3l  l/s  was  obtained  for 
the  insulated  .main,  which  should  be  compared  with  Q’jnatt  - 0.200  l/s.  For 
the  uninsulated  main,  according  to  equation  2 with  X = 0.7  kcal/m  h°C  (the 
ground  is  frozen)  Q'ber  = 0.40  l/s,  which  is  to  be  compared  -with  Q'^rjatt  = 

= 0.04U  1/3.  In  both  cases  (see  Table  I)  exact  correspondence  was  found  with 
the  measured  values,  if  the  calculated  values  are  increased  by  10^.  The 
slight  deviation  can  easily  be  explained  by  corresponding  inexactitude  in 
determining  the  heat  conductivity  index  of  the  ground.  For  example,  com- 
plete verification  of  equation  1 was  found  for  the  uninsulated  main,  if  the 


r.eaz  ^or.iuotivi ty  in.iox  was  3et  at  0.55  xcal/.r, 
which  lies  cor.pletely  within  the  linits  of  the 
real  heac  ccr.iuctivity  in-iex  in  this  research, 
cbvious  in  ccnsiieration  o:'  the  fact  that  the  i 
partially  frcsen  and  partially  unfrosen  (see  Fi 


h°C  instead  of  0.^,  a value 
area  of  dispersion  of  the 


This  becomes  particularly 
;round  around  the  pipes  is 
gure  6 also). 


To  3 great  extent  the  same  results  were  obtained  in  qonsi deration  of 
d^^February  1^72.  Here  the  measurements  were,  - -6'^C,  = -t-5.^'^C  and 

= :.0'"C  in  the  uninsulated  main.  According  to  equation  1 Q'be'^  = 0.175 
tt  = 0.20C  1/s.  Where  = m5.2'^C  and  = +?.3'"0  for 


1/s 

the 


nsulated  m.ain,  according  to  equation  2 we  get 


= J.0d3  i/a. 


ber 


: O.Odl  1/3  anc 


r~ 


With  = -5.5'^C,  = +5.5°C  and  = +1.3'^C,  the  control  calcula- 

ticns  for  13  March  1972  give  Q'ber  = O.O86  I/s  for  the  uninsulated  m.ean 
accsrcing  to  equation  1.  In  this  case  Q'^-att  ■ O-iOG  l/s , and  it  is  note- 
worihy  that  the  difference  between  the  calculated  and  the  .measured  values 
are  of  the  sa.me  order  of  .magnitude  as  before.  This,  considered  as  a systema- 
tic evror,  supports  t.he  error  assumed  earlier  in  t.he  presu.mption  of  the 
magnitude  of  the  heat  conductivity  index.  For  the  insulated  mean  - 

= +5.5"'l  a.nd  = I.60C.  In  this  case  equation  2 gives  I'^er  = 0.028  1/s, 

wnile  I'r.att  - 0.090  I/3.  This  great  deviation  between  the  calculated  and 
tne  .measured  values  is  disappointing  at  first.  A closer  analysis,  however, 
seem.s  to  show  that  the  stationary  condition  on  13  March  had  not  yet  changed 
5 days  after  shutdown  fro.m  the  interruption  on  8 March.  The  shutdown  for 
the  uninsulated  .main  lasted  only  2 days  and  was  interrupted  on  5 March.  If 
this  should  be  the  cause  of  the  deviation  between  the  calculated  and  .measured 
value  of  the  flow,  theti  a control  calculation  .made  later  should  give  better 


For  t.his  reason  the  conditions  or.  t.he  i.csulated  .m.ai.n  were  checked  on 


2^  .'.p.r 


.T“ 


2.  Equation  2 gave  ' 0-Q33  l/s,  while  - '5- '33  l/s, 


itn  r -l^C,  = -^5.920  and  "J 

agreem.ent  is  now  considerably  better. 


en  - 


It  is  obvious  that  the 


Table  I 

Measured  and  Computed  Values 


ated 

Pipe 

Uni.nsulat 

1 

^rour.' 

■ 

’post 

■ 

■ 

mog 

debth 

t«mp. 

■ 

■^D  It* 

ceHth 

fT»d 

d*^°c 

«>b. 

<>.n 

EM 

r-lC 

ESI 

EM 

EMU 

1972-0343 

1.5 

-7U 

5.3°C 

2,0°C 

0D4O 

0.044 

9,1 

ID 

•74 

6,4°C 

2.8°C 

0,181 

0400 

9.5 

1972-02-09 

• 6.0 

5D°C 

2,3’’C 

0.041 

0,043 

4,7 

•6,0 

6.4®C 

3.0"c 

0.175 

0.200 

12.5 

1972-03-13 

•5.5 

5D°C 

1,6“C 

0,028 

0,049 

42D 

•5.5 

5.5°C 

1.3°C 

0.086 

0,100 

14.0 

1972-03-29 

•ID 

5,4°C 

3,4“c 

0,033 

0,038 

13,2 

(Mote:  coronas  should  be  read  as  decimals.) 
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Practical  Application 


t 


1 


The  evaluation  of  the  research  shows  that  the  computational  principles 
used  earlier  were  experimentally  verified.  The  calculations  carried  cut  in 
(5)  can  thus  be  used  for  computing  dimensions.  Here  it  should  be  stressed 
that  these  calculations  presume  a less  favorable  filling  around  the  pipes 
than  what  is  valid  for  tiie  research.  Thus  a filler  v/ith  a heat  conductivity 
index  of  1.6  kcal/m  h°C  is  used  as  a certainty,  as  opposed  to  the  0.5  - O."" 
kcal.'m  h°C  in  the  research.  This  m.eans  that  if  the  insulated  mean  has  been 
designed  according  to  (3)  ard  presuming  that  C = Kq  = 1.5  m.,  the  necessary 
flow  ao  H : 0.5  m.  for  the  coldest  part  of  winter  rem.ains  0.1^1  1/3  (see  Table 
II,  an  excerpt  from,  the  tables  in  (3)  valid  for  silty  sand,  which  corresponds 
to  clay  according  to  (2)  ).  Here  the  temperature  gradient  should  have  been 

0. 5°C  at  the  highest  calculated  from  the  intake  of  the  m,ain  to  its  cutlet. 

If  a 4 tim.es  greater  te.mperature  gradient  is  permitted,  or  2°C,  a flow  of 
about  one-fourth  of  the  values  in  the  tables  or  about  0.035  l/s  is  necessary. 
This  value  is  of  the  sam.e  order  of  magnitude  as  that  measured  in  the  researcn 
(3  March  1972),  despite  the  more  favorable  back-filling  m.aterial  used  around 
the  research  m.ain.  Still,  the  difference  in  the  results  was  affected  m.ore 

by  the  fact  that  the  tables  for  silty  sand  were  m.ade  with  the  general  assum.p- 
tior.  that  the  temperature  gradient  0'  in  the  ground  is  5'^C/m.  (4-^C/m.  in  sand 
and  lO^C/m.  in  clay).  Here  in  the  general  case  of  the  calculation  m.ade  accord- 
ing to  equation  5,  the  lowest  value  for  = -5^0,  while  in  the  research 

it  was  y = =7.3^C.  In  addition  the  water  temcerature  at  the  intake  is  about 
o 

+5  C in  the  research,  while  in  the  general  com.putaticr.s  the  water  tem.perature 
is  assumed  to  be  +0.5'^C  at  the  intake  and  0°C  at  the  outlet. 

It  is  also  clear  from  the  above  that  in  the  research  S'  = 7.3°l/.m,, 

1. e.,  G'  is  a value  that  lies  between  those  valid  for  sand  and  for  clay. 

Since  the  silty  sand  in  this  case  has  an  unusually  low  density  and  thus  a 
low  heat  conductivity  index,  this  is  completely  natural. 

In  regard  to  the  shutdown  in  the  insulated  m.ain,  it  is  enougn  in  this 
connection  to  state  that  the  shutdown  in  a practical  case  never  has  a di.m.en- 
sional  connection  with  the  choice  of  the  laying  depth.  This  is  also  clear 
from  the  computational  tables  in  (3)  (see  Table  III,  excerpt  from  the  tables 
in  ( 3 ) ) . 


Conclusion 

The  freezing  research  in  Umea  in  the  Winter  1971  - 1972  has  shown  that 
good  prerequisites  can  be  found  for  essentially  shallower  layi.ng  depth  in 
regard  to  frost  in  rock  trenches  and  in  ground  which  is  not  subject  to  frost 
displacement  by  means  of  using  high  quality  insulating  double  Eternit  pipes. 
Good  agreement  has  been  found  between  the  calculated  and  the  measured  water 
flows.  The  theoretical  calculations  .made  according  to  (2)  have  been  satis- 
factorily verified.  In  practical  case  the  calculation  can  sim.ply  be  used 
with  the  aid  of  the  tables  in  (3)  Tor  computing  di.mensions. 
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Table  II 

fren;  Tables  in  (3)  Showing  tie  Connection  Between  tne  Laying 
Tepth  K,  the  Frost  Line  Depth  and  the  Specific  rlow  /'- 


Double  Fternit  pipe  in  sand 

Dxmrnsion  200  mm,  iVT"  10.0/  300  mm.  ST  7.5 


I 

0 

1 

X 

H 

Q7L 

m 

m 

l/sek.  X km 

.50 

.50 

.74 

.50 

1.50 

.71 

.50 

2.50 

.70 

1.00 

.50 

1.41  1972-03-03 

1 00 

1.50 

1.35 

1.00 

2.50 

1.33 

1.50 

.50 

2.09 

1.60 

1.50 

2.00 

1.50 

2.50 

1.96 

2.00 

.50 

2.76 

2.00 

1.50 

2.65 

2.00 

2.50 

2.60 

2.50 

.50 

3.43 

2.50 

1.50 

3.29 

2.50 

2.50 

3.23 

3.00 

.50 

4.10 

3.00 

1.50 

3.94 

3.00 

2.50 

387 

3.50 

.50 

4.78 

3.50 

1.50 

4.58 

3.50 

2.50 

4.50 

4.00 

.50 

5.45 

4.00 

1.50 

523 

4 00 

2.50 

5.13 

Table  III 

t fror,  Tables  in  (3)  Showing  Maxinun  Values  for  Distance  Between  Frost 
epth  and  Laying  Depth  H,  in  Reference  to  the  Fornation  of  Ice  Duri.ng 

a 20-hour  Shutdown 

Double  Etermt  pipe  in  sand 


Otmentton  200  mm,  ST  10.0/  300  mm.  NT  7.5 


H 

HO-H 

m 

m 

.50 

4.68  1972-03O3A)8 

1.60 

4.88 

2.50 

4.97 

Dimension  200  mm,  NT  lO.Of  350  mm,  NT  7.5 

H 

HO-H 

m 

m 

.50 

7.56 

1.50 

7.76 

2.50 

7.85 

- lU  - 


con’;inuat.icn  cf  Table  III: 


Dimension  250  mm.  NT  10.0!  350  mm,  NT  7.5 


Dimension  250  mm,  NT  10.0/  400  mm,  NT  7.5 


Summary 

In  the  autumn  of  1971  an  experimental  plant  was 
installed  at  Forslunda  waterworks,  Umci.  The 
purpose  was  to  verify  experimentally  the  risk  for 
freezing  of  insulated  and  uninsulated  asbestos- 
cement  pipes  according  to  theoretical  calcu- 
lations regarding  laying  depth  contra  frost  pene- 
tration depth,  reported  in  the  publications  "Tjal- 
djupet  i Sverige”,  Janson,  L.-E.  — SNV,  V4, 
1968*)  and  ’’Laggningsdjup  for  vattenled- 
ningar”,  Janson,  L.-E.  — VAV,  P14,  1969^). 

The  natural  soil  within  the  test  area  and  in  the 
layer  affected  by  the  installation  consists  of 
sligthly  silty  sand.  Two  parallel  asbestos-cement 
pipes,  0 200  NP  10,  length  106  m each,  were 
laid  at  a depth  of  50  cm  as  measured  from  the 
centre  of  the  pipes.  The  distance  between  the 
pipes  was  5 m.  One  pipe  "was  insulated  with 
cellular  plastic  (polyuretan)  which  was  protected 
against  humidity  and  mechanical  injuries  by  an 
asbestos-cement  pipe,  O 300  NP  7.5.  The 
backfill,  the  natural  soil,  was  sieve  analysed  and 
the  humidity  determined.  Water  for  the  two 
conduits  was  taken  from  the  waterwork’s  water 
main,  whereby  an  almost  constant  temperature 
of  the  water  was  obtained  at  the  inlets  of  the 
pipes.  Several  sensors  to  temperature  indicators 
were  placed  inside  as  well  as  outside  the  pipes 
within  a section  of  3 m from  the  ends  of  each 
pipe.  Within  these  sections  frost  penetration 
limit  meters  were  placed. 
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An  area  of  21  x 110  m’  of  the  installation 
was  kept  clear  from  snow  during  all  of  the 
winter.  Continuous  tests  were  carried  out  from 
November  22,  1971  to  May  15,  1972,  and  a 
flow  stop  test  was  carried  out  during  the  time 
March  3-8,  1972. 

On  the  basis  of  the  measurements  of  frost 
penetration  and  water  temperature  at  the  inlets 
and  outlets,  the  reported  theoretical  calculations 
in  the  abovementioned  publications  were  con- 
trolled by  estimating  the  water  flow,  Q’ber> 
which  was  compared  with  the  value  obtained  by 
measurement,  Q’matt-  Complete  conqruity 
with  the  measured  values  was  obtained,  when 
the  estimated  values  were  increased  by  10  per 
cent.  This  small  deviation  can  easily  be  ex- 
plained by  the  corresponding  inexactness  when 
determining  the  coefficient  of  thermal  conduc- 
tivity. 

The  evaluation  of  the  test  shows  that  the 
principles  of  calculation  applied  earlier  have 

been  satisfactorily  verified.  By  using  high-quality  , 

insulation  for  pipes  the  prospects  are  good  for 
decreasing  the  foundation  depths  considerably 

with  regard  to  frost  penetration  in  rock  exca-  , 

vation  and  in  non— frost— heaving  soils.  The 
deepest  frost  penetration  appears  in  these  soils, 
and  thus  large  cost  savings  can  be  obtained.  The 
use  of  insulated  pipes  is  particularly  advan- 
tageous at  flow  stops.  This  is  conclusively  shown 
by  the  test. 

1)  "The  Ground  Frost  Depths  in  Sweden" 

2)  "Laying  Depths  for  Water  Pipes  in  the  Ground  with 

Reference  to  Frost". 


